This study investigates the price discovery role of the spot and the futures markets for the Brazilian real, South African rand and Russian ruble. Three methodologies are employed: open-end multiple structural analyses, vector error correction model, and reduced form computation of the information shares. Within the full period of the data sample, three non-overlapping sub-periods are identified and analyzed. The findings indicate that while the futures market has a more prominent role in price discovery for the Brazilian real, the spot market has a leading position in the Russian ruble. The South African rand results are mixed. Further, the estimated short-run lead-lag results suggest that in general the dynamics of the three emerging currency markets are not the same.
sophistication in financial technology, increased transparency in electronic trading, and increased use of trading algorithms.
Related to the causality direction, there is also a lack of consensus on the speed of adjustment of one market to the other. A number of researchers have concluded that prices adjust faster in the currency futures market than in the spot market (see, for instance Jabbour (1994) , Crain and Lee (1995) , Chatrath and Song (1998) , and Martens and Kofman (1998) ). In contrast, Cabrera, Wang and Yang (2009) and Chen and Gau (2010) , among others, have reached a reverse position. Furthermore, Tse, Xiang and Fung (2006) find that the results vary based on the currency under study while Rosenberg and Traub (2009) find that the relation for the same currency is subject to change based on the trading platform and the type of futures contracts (regular vs. E-mini) used in the study.
The purpose of this paper is to investigate the lead-lag relationship between futures and spot markets, but within a fully different context. First, the emerging markets, and not the advanced ones, are the focal points since they have rarely been studied. In particular, this study considers the currency spot and futures markets for the Brazilian real, South African rand, and Russian ruble. Second, multiple structural breaks in the series, and separate consideration of market ups and downs, are taken seriously to account for possible nonlinearity in the series and to avoid reaching spurious or conflicting outcomes. Finally, prior works have shied away from studying currencies of the emerging markets because of the reasons we have already cited. The efforts in this paper are to fill this gap.
Our choice of the three emerging economy currencies is motivated in part by the recognition of Brazil, Russia and South Africa as the fastest growing emerging economies in their respective regions. (Note 1 and 2) During the period of our study (2005 to 2011) all three currencies went through periods of appreciation before 2008, and then weakening during the flight to safe havens and risk-aversion from emerging currencies during the global financial crisis. Furthermore, they experienced different degrees of foreign exchange rate interventions. In particular, throughout the sample period the Bank of Russia has been very active in the ruble market both with planned and unplanned interventions, while the South African Reserve Bank has mostly focused on accumulating reserves to manage liquidity and "lean against the wind" during periods of large capital inflows. Brazil has also intervened to protect the competitiveness of its exports.
The remaining parts of this paper are organized as follows. The next section provides a brief review of the related prior literature. Section 3 documents the sources of data. Section 4 presents the triple methodologies that we have sequentially employed, i.e., open-end multiple structural analyses, vector error correction model, and reduced form computation of the information shares. Section 5 discusses and evaluates the empirical results. The last section offers the conclusions.
Selected Prior Literature
The literature on foreign currency price discovery has already reached a near-consensus that the price discovery process depends on: a) trading platform, i.e., electronic in contrast with floor trading, b) volatility, and c) information flow as well as the content of such flow.
Using euro and Japanese yen, Tse, Xiang, and Fung (2006) determine that the electronic trading platforms are more conducive to price discovery than the floor trading. According to their results, on the electronic platforms, the futures prices lead the spot prices in the case of euro, but not for the Japanese yen, whereas the floor-traded futures markets contribute very little to the price discovery of either currency. A conflicting position is drawn when Cabrera, Wang and Yang (2009) report that information found in the spot market leads the futures market for the euro and lags for the yen. Drawing on Poskitt (2010) , a reason for this controversial result lies in the differences in the methodologies that are employed in these studies. There is also a difference in measurement: returns are calculated from mid-quotes in the spot market as compared to the use of transaction prices in the futures markets.
Using floor-and electronic-traded futures contracts, Rosenberg and Traub (2009) study whether the shift to the electronic trading provides different results when examining the price discovery controversies. Considering information from 1996, the year when the shift to electronic trading in the spot market started for the British pound and the Swiss franc, and 2006 they show that prior to 1996 the amount of information discovered through currency futures was greater than those found in a post-shift era, i.e., in 2006. They also found that there were increases in spot market transparency after the shift occurred. Obviously, while a decade or so had to pass after the shift to allow the electronic market to establish itself, the authors, however, make no adjustments for the substantial changes in the technological know-how that took place during this relatively long time period.
A related strand of literature has addressed conditional variances across financial markets and their implications for information transmission among the markets. Among such contributions, Chatrath and Song (1998) establish a volatility spillover relation to determine whether price movements in the futures markets lead the price movements in the cash markets for the Japanese yen. They conclude that the futures price changes lead the cash price changes and that that the futures market leads the volatility in the spot market. The authors attribute their findings to the efficient reaction of the futures markets to new information.
Studying price discovery for the Japanese yen and the euro around the release of major U.S. macroeconomic announcements, Chen and Gau (2010) show that the spot market provides a greater contribution to the price discovery than the futures does, and that news releases regarding gross domestic product (GDP), employment, and durable goods have a positive impact on the price discovery of the foreign exchange futures rates. These results suggest that information flow is an important determinant in the price discovery process.
To wrap up this brief review, a concluding note is in order. Excluding Jochum and Kodres' (1998) study that considers Mexican peso, Brazilian real, and Hungarian forint spot and futures markets, all the other studies have embraced currencies of the more developed countries. In this regard, and in light of the expansions that are considered here, this study is unique in focusing on three emerging market currencies (Brazil, South Africa, and Russia) that are not relatively heavily traded. Further, this analysis seeks to determine whether these countries follow the same price discovery processes as those of the more developed, and therefore more liquid, currencies.
Data and Sources
Data are obtained from several sources. Foreign exchange spot rates on the Russian ruble, Brazilian real and South African rand are obtained from CSI (Commodity Systems, Inc.). The study focuses on these three currencies because, while several other emerging market currencies are currently trading, their price history is too short or too many values are missing, thus hindering any valid empirical work. The frequency of the data is daily and the prices are as reported at the close of the market at 5:00 p.m. in New York (Eastern Time). The spot rates are matched with currency futures data from Tradestation. The futures contracts used trade on the Chicago Mercantile Exchange (CME). (Note 3) To form the data series, the contracts are rolled over to the next most actively traded contract before their expirations based on a rule of "one day higher open interest and volume". The combined (electronic and pit) contract prices are used to form continuous series. Futures close prices are collected at 4 p.m. Central time, which is the time when Globex (the CME electronic platform) closes, and which is in full synchronization with the spot prices at 5:00 pm New York (Eastern Time).
The proportion between the pit and the electronic contracts varies, with relative increases in the latter over time. Considering each of these platforms separately is not deemed feasible because of the relative thinness of volume in each platform; splitting the combined series into pit and electronic would have caused the data to become too fragmented. The final sample spans from January 3, 2005, to March 30, 2011. The descriptive statistics for the spot and futures contracts are included in Table A1 .a in the appendix.
Methodology

Vector Error Correction Model
A vector error correction model (VECM) along with structural break analysis are utilized using both daily spot and futures currency prices of the three emerging countries during several distinct time periods. The consideration of distinct time periods is to determine whether price discovery is dynamic, not only throughout the entire period under the study, but also across sub-periods. This feature is further expected to capture anomalies, if any, and prevent the results from being confounded due to the potential existence of nonlinearities and cyclical features. Hasbrouck (1995) information shares are also estimated for each designated sub-periods.
The following general VECM is employed:
where yis a vector of futures and spot prices denoted by f and s, respectively. The notation ∆indicates the differencing operator such as ∆ . The coeficients (error correction vector)and are k x r matrices and Φ * is a k x k matrix.
The covariance matrix of innovations is denoted by:
Anticipating that the spot and futures currency error terms may be correlated, to eliminate the contemporaneous correlation, Cholesky factorization is used through obtaining the root of Ω M M′, where:
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Following the notation of Baillie et al. (2002) , the information shares for the futures and spot markets are estimated byIS 1 and IS 2 , respectively, as:
where ′s are the error correction coefficients from the VECM in relation (1).
The upper (lower) bound of each market's information share is estimated when this market is first (second) variable in the factorization as suggested by Hasbrouck (1995) . Relations (1) through (5) yield a reduced form computation of Hasbrouck's IS model. Thus, at the estimation level, the VMA representation of the VECM which is undertaken in nearly all studies using Hasbrouck's approach is bypassed. Further, it could be argued that these five relations provide a hybrid approach close to both Hasbrouck's (1995) IS and Gonzalo and Granger's (1995) PT common factor models, particularly, if ρ, the correlation between the error terms of spot and futures prices, are not very large (Baillie et al., 2002) .
Multiple Structural Changes in the Spot and Futures Prices
Bai and Perron's (1998 Perron's ( , 2003 multiple structural changes test for liner models are used in order to determine the number of structural breaks in the daily spot and future prices of the Brazilian real, African rand, and Russian ruble.
The pure structural change model to determine m breaks and m+1subsamples is represented by:
for j = 1,…,m+1, and 1, … , , where represents the break points which are treated as unknowns, is the dependent variable at time t, is a qx1 vector of covariances with as its respective vector of coefficients, and is the disturbance at time t. The estimation method is based on the least squares principle. For each m-partition, the associated least-squares estimates of are obtained by minimizing the sum of squared residuals:
In addition, Bai and Perron (1998, 2003) show that the break-point estimators are global minimizers of the objective function. (Note 4) For the estimation procedure, they propose an algorithm based on a dynamic programming principle that allows the computation of estimates of the break points as global minimizers of the sum of squared residuals. (Note 5) Furthermore, in order to identify the number of breaks, the double maximum statistics needs to be examined to determine if any structural breaks are present. If these statistics are significant, then the sequence of Sup ℓ 1|ℓ statistics must be examined, where ℓ represents the breaks and is used to test whether the additional breaks lead to a significant reduction in the sum of the squared residuals. (Note 6)
Empirical Results
The first step in the empirical analysis is to test all the series for stationarity and the existence of structural breaks in them. As to the stationarity, using Augmented Dickey-Fuller (1979) and Phillips-Perron (1988) tests, it is documented that the futures and the spot prices in levels contain unit root, while their returns are stationary. On the cointegration, Johansen's (1988) rank test results provide evidence that the futures and the spot series for all the three currencies are cointegrated. The results of the unit root tests and the cointegration rank tests, along with preliminary statistics on the data, are reported in Appendix 1 Tables A1.a through A1.c.
As to the structural breaks, the starting model which is tested is set with a single constant as regressor ( =1). Further, it is allowed to encounter a maximum of five breaks, while using a trimming of = 0.05. (Note 7) Non-parametric adjustments are allowed in order to account for possible serial correlation, while, serial correlation in the errors and different variances of the results across segments are also allowed.
Implementing the above refinements within the Bai and Perron's (1998, 2003) multiple structural break tests that are discussed in the methodology section, estimates of the break point dates are obtained. The results are presented in Tables 1 and 2 . The break dates, which are presented in Table 2 , are determined based on the results in Table 2 . For each currency, there exist at least five breaks in the structure of each of the spot and the futures prices -with the exception of the spot prices for the Russian Ruble since the SupF (5|4) statistics is insignificant. Therefore, only four breaks are considered in this instance. Considering these results and given that the spot and
International Journal of Economics and Finance Vol. 4, No. 12; 2012 the future series are each independently analyzed for the existence of the breaks, it is interesting to note that most of the break points that are identified for the spot prices are similar to those of the futures prices.
The numbers in parentheses in Table 2 represent confidence intervals at the 90 percent significance level. In most instances these appear to be large, however given that the data may not be available for every single day, the true number of observations tends to be smaller. The bold numbers and the numbers in italics represent the smallest confidence interval, followed by the second smallest interval, respectively. Prior to analyzing the price discovery process, each series is divided into three sub-samples based on the results presented in Table 2 Vol. 4, No. 12; 2012 Considering Figures 1a through 1c, the first subsample for the Brazilian real represents a period of consistent growth in the spot and the futures prices wherein both reach their highest levels. Sub-sample 2 is a period of sheer declines and sub-sample 3 is a period of gradual recovery.
Unlike the trend shown in the Brazilian real, the South African rand has a period of decline in both its spot and futures prices until the end of the first sub-sample when they reach their lowest levels; then they begin to recover in the second sub-sample. The third sub-sample is one of stability and some growth.
The spot and the futures prices for the Russian ruble do not follow each other as closely as seen in the cases of the real and the rand, yet the first sub-sample for the ruble can be described as one of stability and small growth. During the second sub-sample they start to decline and both prices reach their lowest levels. Recovery and stability are seen in the third sub-sample.
Given the above dynamic patterns in the series, it is possible that the results based on the full sample and a linear model, which is the case in nearly all prior studies, may be confounded on statistical as well as on "wash-out" grounds. This may also provide an explanation why some of the prior findings are inconsistent.
The estimation of the vector error correction model (VECM) as defined in relation (1) is then undertaken without considering any exogenous variables. This approach is quite in-line with nearly all prior studies. In all cases, the optimal lag length for each currency is sought based on BIC.The results of the VECM estimation are included in Table 4 . The bold numbers in this Table 4 and the factored innovation matrix of the estimated VECM. These results are reported in Table 5 .
Considering Table 4 , a few observations on the short-run dynamics between the futures and spot prices are in order. Such observations are often made based on the magnitude of the coefficients of the lagged difference terms (∆ and ∆ . It is of interest to observe whether changes in yesterday's spot returns have any influence on today's futures returns and vice versa, thereby establishing a leading role, if any, in price discovery for one of these markets and examining if that role is changing over time. The consensus in this regard has been shifting. For instance, even though the foreign exchange spot market in general has significantly higher volume than the futures market, some studies have shown that the futures markets lead the spot due to lower transaction costs, high leverage, and transparency (Stoll and Whaley, 1990; Tse, Xiang and Fung, 2006) .
The results for the Brazilian real show that the spot market has the leading role. The first lag of the spot return has significant influence on the futures return over the full sample and two of the subsamples. In contrast, the first lag of the futures return is not significant in explaining the spot return in any of the subsamples or the full sample, though it is highly significant at two lags. The same pattern is nearly present for South African rand (∆ is significant in the full sample and subsamples 1 and 2). However, a notable pattern emerges in the rand's results towards the end of our data sample, i.e., the futures markets appear to assume a more important role; the lagged futures return influences the spot in subsamples 2 and 3. The VECM results for the ruble show mixed results, where both lagged futures and spot returns have a role in price discovery.
Overall, the results presented in Table 4 support the notion that both futures and spot markets play a role in price discovery in the three emerging markets studied. The results are mixed, particularly across the sub-samples. Stated differently, there is ample indication that the ups and the downs in the market have some influences on the results. Therefore, bundling these markets together, as has been the practice in prior studies, may confound the outcome. Table 5 reports estimates of the information shares for the three currencies for the full sample as well as the subsamples defined by the structural breaks. The upper and the lower boundaries are presented in brackets below the mid-point information shares.
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where y is a vector of log futures and spot prices denoted by f and s, respectively and ∆ is the difference operator.The optimal lag length for each currency is based on BIC. The numbers in bold indicate statistical significance at 5 percent or below. The full sample is divided into three subsmaples based on the following breakpoints for each currrency: The second sub-period that coincides with the global financial crisis is of special interest and it shows different IS patterns for the three currencies. During this sup-period, the spot leads the futures for two of the currenciesBrazilian Real and South African Rand, while for Russian ruble there is almost no predominant market position in price discovery.
It should also be noted that while the information shares could more accurately be estimated with high frequency data, using lower frequency data can pose challenges. For instance, it leads to wider bands for the estimated information shares. This is a well-known factor in the price discovery literature. Using several studies with different data frequencies, Baillie et al. (2002) show that at one second intervals the upper and the lower bands are almost the same, while at frequencies of one minute and higher the boundaries can diverge significantly. The results presented in the current study are consistent with and reflect these points as well.
In sum, the short-run dynamics from the VECM and the computed information shares provide evidence in support of the important roles that the futures and the spot markets may play in price discovery. The influence of each market is not constant over time or for each currency. The futures market appears to be more prominent in Brazilian real price discovery process, while the spot has overall a leading role in the Russian ruble market.
Finally, the response of the estimated VECM to some perturbations is examined. This could be regarded, at minimum, a test of the dynamics and the sensitivity of the model. This is performed through impulse response functions wherein the system is traced under a one standard deviation shock in either the spot or in the futures market for each currency. The results are plotted in Figures 2.a through 2.d. Each graph indicates the impact path of a shock in a given variable over time. The vertical axis represents the deviation (return increment) from the benchmark case, while the horizontal axis represents the days elapsed post the initial shock. In general, the results conform to those in prior studies. The shock impact tends to amplify first, and then it starts to dissipate. As expected, the dynamics of the three currencies are not the same: the shocks result in the highest impact during the second or the third days and dissipate to near zero in five to six days. Some persistence, though not necessarily significant, seem to be present. 
Conclusions
This study has investigated the price discovery for three emerging market spot and futures currencies (Brazilian real, South African rand and Russian ruble). Prior to the analysis, multiple structural breaks in the series are carefully examined to account for possible nonlinearity in the series and to avoid reaching spurious or conflicting outcomes. The presence of multiple structural breaks in the series adds additional value to our results. The outcomes of the structural break analyses yield four distinctive samples that we have individually analyzed. These varied alternatives add invaluable information to the literature on price discovery. In addition to the full sample, each of the three sub-samples is separately analyzed. It is shown that the dynamics of these sub-samples are not the same and rolling them into one long sample may wash out the diverse outcomes or confound the results.
The results based on the VECM estimates and the derived information shares lead us to conclude that both futures and spot markets play a role in price discovery for the three emerging currencies studied. Whereas the futures markets appears leading in the case of the Brazilian real, the spot has more influence for the Russian ruble. The results for the rand are mixed. The sub-samples estimates further reveal the impact of market turbulence on the lead-lag relations, as the information shares of futures and spot markets change for all three currencies during the second sub-period. Given the differences in the underlying factors and in particular across the sub-samples, it is worthwhile to reiterate that seeking uniformity across all markets and over all time periods is unwarranted.
A possible extension of this study is to investigate further whether the changing roles of the futures and spot markets in the price discovery process is associated with such market characteristics such as volatility and liquidity in the subsamples that we have designated. The information shares could be estimated using a VECM which includes variables such as spot or futures market volume, return volatility, stock market interaction variables and others. Vol. 4, No. 12; 2012 (i.e., 100 or less), we believe that this will not be an issue in our study because our sample sizes are above 1,400 observations. 
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